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INTRODUCTION
Male fertility is precisely controlled at various ways. Sperms produced from the testis become mature and acquire fertilizing capacity throughout traveling the excurrent system, including the efferent ductules (ED) and the epididymis. Even though a mechanism of sperm maturation in the excurrent system is not well understood, a number of evidences have demonstrated the important role of the ED and the epididymis to maintain successful male fertility.
The ED are tubules that connect the testis and the epididymis of male reproductive tract. As a conduit for the testicular fluid and spermatozoa produced from the testis to the epididymis, the ED are consisted of a layer of epithelium surrounded by thin smooth muscle and connective tissue layer (Ilio and Hess, 1994) . There are two types of cells in the epithelium of the ED, ciliated and nonciliated cells, and the later is the dominant one in the ED (Ilio and Hess, 1994 ; Lee et al., 2000) . Beside of their known function of sperm and the testicular fluids transport, the ED also secrete various ions and protein, absorb testicular protein, and reabsorb most of the testicular fluid (Ilio and Hess, 1994; Clulow et al., 1994; Clulow et al., 1998) . It is known that reabsorption of more than 90% of the testicular fluid from the ED results in concentrating luminal sperm prior to entry into the epididymis, and thus creating adequate microenvironment for proper sperm maturation in the epididymis (Clulow et al., 1994) . It is believed that nonciliated cells in the ED are chiefly responsible in absorption of the testicular fluid (Ilio and Hess, 1994 ; Lee et al., 2000) .
Local cell-cell interactions are essential in the regulation and maintenance of physiological function of tissues in mammalian. For example, in male reproductive tract, direct contact-dependent junctional communication among various cell types in the testis is critical to control spermatogenesis (Mruk and Cheng, 2004 ). There are various specialized proteins involving in formation of direct cellular junctions, such as integrin, occludin, connexin, and etc . Among several forms of cell-cell junctional complexes, gap junctions are specialized channels that directly link the cytoplasm of neighboring cells. Gap junctions are made of connexins and mediate the direct exchange of small molecules and ions between contacting cells (Sáez et al., 2005) . Up to date, at least 20 connexin genes in rodents have been identified (Söhl and Willecke, 2004) . Each connexin expresses in tissue-or cell-type specific manner. Some connexins are widely expressed in various cell types, while expression of others is limited in certain cells and/or organs. In addition, multiple connexin isoforms co-exist within same tissue . Even various connexins are present in same cell, suggesting the formation of different types of channels with more than one type of connexin . A number of researches have shown that expression of connexin is regulated by cell-type specific and developmental manners, such as connexin 43 in Leydig cells in the testis and connexins 26 and 43 in the epididymis . Even though the presence and developmental expression of connexin isoforms in the testis and the epididymis have been revealed, the expression of connexins in the ED has not been studied yet.
Thus, in this study, we attempted to evaluate the expression of various connexin isoforms in the ED of rats. In addition, the present study was conducted to determine the differential expression of connexins in the ED of rats at different ages, 1 week, 2 weeks, 1 month, 3 months, and 6 months, during postnatally developing period.
. MATERIALS AND METHODS
Isolation and collection of the tissue from animals
Male Sprague Dawley rats were purchased from Samtako (O San, S. Korea). The animals were individually housed under controlled conditions and given ad libitum food and water until reaching proper ages. In designing the present study, we selected two prepubertal groups, 1 week and 2 weeks of ages, one pubertal group, 1 month of age, and two fully mature groups, 3 and 6 months of ages. The formation of the Sertoli cell junction, an indicative of active secretion of the testicular fluid, occurs between 10 and 16 days of age (Gondos and Berndston, 1993) . Thus, the secretion of the testicular fluid from the rat testis seems to emerge around 2 weeks of age. In addition, patchytene spermatocytes, the first germ cell type expressing P450 aromatase, appears around 2 weeks of age (Carreau et al., 2001 ). At 1 month of age, the testis actively secrets the testicular fluid, and spermatozoa, expressing P450 aromatase activity, are formed and released. Two fully mature groups at 3 and 6 months of ages were chosen for a comparison purpose. When experimental animals became 1 week (N = 10), 2 weeks (N = 7), 1 month (N = 6), 3 months (N = 5), and 6 months (N = 5) of ages after the birth, rats were anesthetized by CO2 stunning. Entire male reproductive tracts were removed from the animals, and the testes were separated from the rest of male reproductive tract. Fat surrounding the ED were rapidly trimmed away, and the ED were washed with ice-cold PBS buffer before being frozen in liquid nitrogen. Due to small size of the ED, the ED collected from an age group were pooled to obtain sufficient amounts of RNA for reverse transcription (RT) and polymerase chain reaction (PCR).
RNA isolation and primer design for semiquantitative RT-PCR
Total RNA was prepared by using easy-Blue total RNA extraction solution (iNtRON Biotech., Sungnam, S. Korea) and a Polytron homogenizer (Fisher Scientific, Pittsburgh, USA). The isolated RNA pellets were dissolved in RNA storage buffer (Ambion, Austin, USA) and stored at 80 until used for semi-quantitative RT-PCR. The purity and yield of the total RNA were determined by an UV spectrophotometer (Eppendorf, New York, USA), and the qualities of the total RNAs were checked by gel electrophoresis prior to proceeding RT reaction. Oligonucleotide primers for PCR were prepared by either using Primer 3 software (http://www.bioneer.co.kr/cgi-bin/primer/primer3.cgi; Whitehead Institute/MIT Center for Genomes Research, USA) or utilizing published information. Information and sequences of primers of connexins tested for the present study are summarized in Table 1 .
Semi-quantitative RT-PCR analysis
The RT and PCR procedures were performed according to the instructions in ImProm-II TM reverse transcription system (Promega, Madison, USA) and GoTaq DNA polymerase (Promega, Madison, USA), respectively. Briefly, 2μg of isolated total RNAs were reverse-transcribed in total volume of 20μl using oligo-dT primer. Reverse transcription reaction was carried out at 25 for 5 min, 42 for 1 hour, and 70 for 15 min. We used 1 μl of cDNA from each age group for PCR. The PCR program employed an initial step of 95 for 5 min for denaturation, followed by denaturation at 94 , annealing, and extension step at 72 of cycles. The PCR conditions for connexin molecules expressing in the ED were summarized in Table 1 . The final extension at 72 for 10 min was carried out for the PCR. The PCR products were subjected to electrophoresis on 1.2% agarose gel. The image of each gel was photographed under UV using an image documentation system (Vilber Lourmat, Marne-laVallée, France). In this assay, we included GAPDH, which served as an internal PCR control.
Data presentation and statistical analysis
We repeated the RT reaction and PCR for each age group at least three times to obtain a mean and a standard deviation. The optical densities of the RT-PCR products were measured and quantified using the NIH image software (public domain). The density values of the PCR products were normalized by comparison to abundance of GAPDH. The ratios of mRNA expression levels of connexin molecules to that of GAPDH were expressed as arbitrary units. Comparisons of measurements among the age groups for each connexin molecule were made using one-way ANOVA followed by Tukey's test. In all cases, results were considered significant if P < 0.05.
. RESULTS
Profile of expression of connexin isoforms in the ED of postnatally developing rats
Expression of total 14 connexin molecules in the rat ED was examined in the present study ( 
Expression patterns of connexins 26 and 30 in the ED of developing rats
The PCR results of connexins 26 and 30 are shown in Fig. 1 . Expression of connexin 26 was detected in the ED of all experimental age groups (Fig. 1A) . Compared to that at 1 week of age, mRNA level of connexin 26 was significantly increased in the ED of rat at 2 weeks of age, followed by transient decreases at 1 month and 3 months of ages (Fig. 1A) . A slight increase of connexin 26 mRNA level in the ED was observed at 6 months of age. The level of connexin 30 mRNA was significantly decreased at 2 weeks of age, compared to that at 1 week of age ( at 1 month of age was increased to the level at 1 week of age, followed by a transient decrease at 3 months of age and a further decrease at 6 months of age (Fig. 1B) .
Expression patterns of connexins 31.1 and 37 in the ED of developing rats
The mRNA expression of connexin 31.1 at 1 week of age was the highest among experimental groups ( Fig. 2A) . There was a sharp decrease of mRNA level of connexin 31.1 at 1 month of age, while other age groups showed no significant difference at the level of connexin 31.1 mRNA, compared to that at 1 week of age (Fig. 2A) . The levels of connexin 37 mRNAs at 1 week and 2 weeks of ages were higher than other age groups (Fig. 2B) . After 2 weeks of age, the expression of connexin 37 in the ED was dramatically decreased and remained at low level until 6 months of age (Fig. 2B) 
Expression patterns of connexins 43 and 45 in the ED of developing rats
Unlike connexins 31.1 and 37, the lowest level of connexin 43 mRNA was found in the ED of 1 week of age (Fig. 3A) . At 2 weeks of age, mRNA abundance of connexin 43 was significantly increased and consistently remained at high level until 6 months of age (Fig. 3A) . In contrast to the expression pattern of connexin 43 mRNA, the level of connexin 45 mRNA expression was decreased as animals became aged (Fig. 3B) . The highest level of connexin 45 mRNA was detected in the ED of 1 week of age, followed by a decrease at 2 weeks of age at statistically no significant level (Fig. 3B) . Further reduction of connexin 45 mRNA level was observed at 1 month of age, and at 3 and 6 months of age, connexin 45 mRNA was hardly detected in the ED (Fig. 3B) . .
DISCUSSION
Gap junction is consisted of connexin isoforms. It has been known that belt-like gap junction is present in the adluminal area between the nonciliated cells of the ED revealed by freezefracture (Nagano and Suzuki, 1980) . However, to date, no information was available to demonstrate the expression of connexin isoforms in the ED. The aim of present study was to determine the mRNA expression of various connexin isoforms in the rat ED. In addition, we attempted to show differential expression pattern of connexin mRNAs according to ages. Results from the present study clearly demonstrated the existence of a variety of connexin isoforms in the ED of rat. Also, our results revealed that mRNA expression of connexin isoforms in the ED is developmentally regulated.
Expression of connexins is regulated by a variety of molecules, including hormones, transcription factors, and other factors (Oyamada et al., 2005) . In male reproductive tract, expression of connexin 43 in the Sertoli cells is upregulated by folliclestimulating hormone (FSH) and retinoid and downregulated by thyroid hormones, testosterone, and estradiol . In addition, human chorionic gonadotropin induces a reduction of connexin 43 expression in the Leydig cells (You et al., 2000) . In the epididymis, thyroid hormone and testosterone regulate expression of connexin 43 (St-Pierre, et al., Cyr, et al., 1996) . Moreover, expression of connexin isoforms in the prostate, a sex hormone-dependent tissue, is controlled by androgen and estrogen (Habermann et ). Expression of multiple connexin isoforms in the epididymis is segment-specific and age-dependent . Our present study also showed differential expression of connexin isoforms in the ED depending on postnatal development. Expression of some connexins was high at early development, while expression of other connexins was high at late development. In addition, fluctuation of gene expression of other connexins was observed in the present study. These results indicate that mRNA expression of connexin isoforms in the ED is tightly and complicatedly regulated. It is not clear which a factor(s) involves in the regulation of expression of connexin isoforms in the ED at age-dependent manner. However, it is reasonable to speculate that the testicular factor(s) should directly and/or indirectly affect the expression of connexins in the ED. Among the testicular factors, testosterone and estrogen could be candidate molecules engaged in such differential expression of connexins in the ED according to age. Testosterone production from the rat testis increases as aged (Paz et al., 1980) . Also, it is believed that concentration of estrogen in the testicular fluid would increase according to age, because the activity of P450 aromatase, an enzyme involving in the irreversible conversion of testosterone to estrogen, in the testis increase with aging (Carreau et al., 2001) . Because the ED are a sex hormone-dependent tissue, changes of concentration of testosterone and estrogen with aging would influence gene expression in the ED, such as connexins in the present study. In addition, we could not rule out other testicular and endocrine factors affecting activities of transcription factors, which regulate the expression of connexin isoforms. Furthermore, we could not exclude a possibility of inadequate PCR conditions for connexin isoforms undetected from the present study. Detailed researches are required to determine a molecular mechanism of age-dependent differential expression of connexin isoforms in the ED.
Multiple connexins co-exist within the same tissue, and more than one isoform could form a gap junction channel. Our present study revealed that more than 2 connexin isoforms co-exist in the ED at same age. Thus, it is absolutely possible that gap junction channel present in the ED could be either homomeric composed of the same connexin and/or heteromeric composed of the different connexins. However, which connexin isoforms form homomeric or heteromeric channels in the ED during postnatal development remains in question. In addition, even though belt-like gap junction is present between neighboring nonciliated cells in the ED (Nagano and Suzuki, 1980) , precise localization of connexin isoforms in the ED has not been determined. In situ hybridization or immunohistochemistry of connexin isoforms should be performed to localize connexins mRNAs or proteins, respectively. Although regulation of connexin gene expression is mainly determined at transcriptional level, other mechanisms may influence the level of expression. Indeed, expression of connexins 26, 32, and 43 is regulated at translational level (Oyamada et al., 2005) . Thus, a quantitative study should be followed in future to determine if mRNA expression of connexin isoforms detected in the ED from the present study corresponds to protein expression.
In the testis, at least 11 connexin isoforms are associated with Sertoli cells, germ cells, and Leydig cells, involving in regulation of steroidogenesis and spermatogenesis (Lee et al., 2007) . In addition, age-dependent and stage-dependent expression of connexin 43 has been reported in the testis (Risley et al., 1992) . It is believed that cell-cell communication between different cell types through gap junctions in the testis is important for the regulation of spermatogenesis (Risley, 2000) . Our present study revealed differential expression of various connexin isoforms in the rat ED at different ages. However, the importance of such differential expression of connexins in age-dependent manner is not apparent at this point. The ED play an important role on male fertility by reabsorption of most of the testicular fluid and ions and secretion of various proteins and ions (Ilio and Hess, 1994; Clulow et al., 1998) . Like other tissues, it is believed that cell-cell communication between different and/or same cell types is crucial for maintenance of functions of the ED. Thus, it is speculated that differential expression of connexin isoforms in the ED would relate to the regulation of the ED functions. Future studies are suggested to evaluate functional change of the ED by affecting expression of connexins.
In conclusion, our results clearly demonstrate for the first time the presence of several connexin isoforms in the ED of rats. In addition, our present study shows differential expression of connexin isoforms in the ED during postnatal development in the rat.
ABSTRACT
The purpose of this study was to evaluate the presence and differential expression of connexin isoforms in the efferent ductules (ED) of male rat reproductive tract during postnatal development. Total RNA was isolated from the ED collected from rats at 1 week, 2 weeks, 1 month, 3 months, and 6 months of ages. Expression of six connexin mRNAs of 14 isoforms tested was detected by semi-quantitative RT-PCR. Fluctuation of mRNA levels of connexins 26 and 30 was found according to ages. A significant decrease of connexin 31.1 mRNA level was observed in the ED at 1 month of age. The highest levels of connexin 37 and 45 mRNAs were detected in the ED of early developmental period, while the expression of connexin 43 was the lowest at 1 week of age. The present study demonstrates differential regulation on expression of connexin isoforms in the rat ED in age-dependent manner.
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